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[Title of the Invention] Scanning line interpolation 

circuit 

[Abstract ] 

[Object] Tlie object of the invention is to provide a 
scanning line interpolation circuit for producing a 
scanning line interpolation signal free of the image 
quality deterioration of also a dynamic image. 
[Configuration] This invention provides a circuit for 
interpolating the interlaced scanning line of the TV 
signal, wherein the motion information of an object is 
extracted taking advantage of the frame difference signal 
between two successive fields, and the scanning line is 
interpolated using this motion information. 
[Effect] The ugly image quality deterioration which 
otherwise might be caused by processing a dynamic image 
erroneously regarding it as a still image can be avoided. 
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[Scope of Claim] 

[Claim 1] A scanning line interpolation circuit for 
interpolating the interlaced scanning lines of the TV 
signal using a coefficient indicating the motion of the 
image signal, characterized in that the coefficient 
indicating the motion is determined based on the 
magnitude of a frame difference signal of the scanning 
line immediately above the scanning line to be 
interpolated in a given field, a frame difference signal 
of the scanning line immediately below the scanning line 
to be interpolated and the frame difference signal of 
the scanning line at the same position as the scanning 
line to be interpolated in one of the fields immediately 
before and after the given field. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention relates 
to a scanning line interpolation circuit, or in 
particular to a scanning line interpolation circuit 
having a motion detection means . 
[0002] 

[PriorArt] ATV image scanned by interlace is accompanied 
by an interference such as a fliclcer caused by thin 
horizontal strip portions of letters or the like. In 
order to overcome this problem, a method is available 
in which the scanning lines are so interpolated that the 
scanning lines of two fields are displayed at the same 
3 



time. In this way, the interlaced scanning is abandoned 
and the progressive scanning is employed on the TV image. 
In this case, the signal of the interpolation scanning 
line is interpolated from the signal of the preceding 
field. According to this method, a high-quality image 
of a still object free of a flicker can be displayed. 
With a moving ob j ect , however , the field image 1/ 60 second 
earlier and the present field image are displayed in 
superposition, and therefore, the moving portion comes 
to have a toothed edge, resulting in an ugly deterioration 
of image quality. 

[0003] In order to avoid this interference of the image 
quality, a method has been proposed for a dynamic image 
portion in which the motion information of the object 
is extracted from the TV signal and the interpolation 
scanning line signal is produced as an average value of 
the scanning lines adjoining the present field image 
instead of the interpolation from the preceding field. 
[0004] Fig. 1 shows three TV images ((i-2)th, (i-l)th 
and ith fields) sequentially sent in. The number of the 
scanning lines per image is 525/2 due to the interlace 
scanning, and in the drawing, a part of the scanning lines 
is shown by solid lines (1, 2 and 3) . From this TV image 
scanned by interlace, progressively scanned TV images 
each having 525 scanning lines are produced by doubling 
the number of scanning lines. The interpolation 
scanning line 4 used for this purpose is designated by 
4 



a dashed line. The signal of the interpolation scanning 
line for a still image is produced by interpolation from 
the scanning line 3 in the same vertical direction (V 
direction) in the preceding field, while a similar signal 
for a dynamic image is produced by interpolation from 
the average value of the upper and lower scanning lines 
1, 2 of the same field. Fig, 2 shows the manner in which 
the interpolation is made in this way along the time axis 
t and the vertical axis V, in which the mark o shows the 
interlaced scanning line and • the interpolation scanning 
line. The numerals 1, 2, 3 and 4 designate the same 
scanning lines as those designated by the same numerals, 
respectively, in Fig. 1, 

[0005] To determine whether the object is still ormoving, 
as indicated by double arrows in Fig, 2, the scanning 
lines at the same position two fields (one frame) before 
are compared with each other. In the case where the 
difference is small, the image is determined as a still 
one, while in the case where the difference is large, 
the image is determined as a dynamic one. As a result, 
the signal of the interpolation scanning line 4 is 
obtained by switching to the scanning line 3 of the 
preceding field or to the average value of the scanning 
lines 1 and 2 of the same field, 

[0006] In the signal processing method described above, 
consider a case in which the image as shown in Fig, 3, 
i,e, a blaclc image 5 having three scanning lines, for 
5 



example, is moving upward. Fig, 4 illustrates this with 
the time t and the vertical axis V, and indicates that 
the scanning lines are moving up at the rate of three 
per field period. In the regions A and C, there exists 
a difference from the scanning line of one preceding frame 
and therefore, the image is regarded as a dynamic one. 
In this case, the interpolation scanning line, as shown, 
is interpolated by the average value for the upper and 
lower scanning lines of the same field. In the region 
B, on the other hand, the scanning lines of the ith field 
and the (i-2)th field are equal in value, and therefore, 
the image is regarded as a still one. In this case, the 
interpolation is made by the scanning line of the (i-l)th 
field. In the region B, therefore, the black scanning 
line of the (i-l)th field is interpolated in the bright 
background of the ith field . Asaresult, the pr ogre s s ive 
scanning conversion image of the ith field, as shown in 
Fig. 5, has an upper black image 7 of the region A, and 
black images 8 and 9 appear alternately on the underside 
(region B) thereof. This constitutes an offensive image 
quality deterioration. 
[0007] 

[Problem to be Solved by the Invention] The object of 
this invention is to solve the problem described above 
and to provide a scanning line interpolation circuit to 
obtain a scanning line interpolation signal causing no 
image quality deterioration also in dynamic images. 
6 



[0008] 

[Means for Solving the Problem] In order to achieve the 
object described above, this invention is characterized 
by a circuit for interpolating the interlaced scanning 
lines of the TV signal in which the motion information 
of an object is extracted utilizing the frame difference 
signal of two successive fields and the scanning lines 
are interpolated using this motion information. 
[0009] 

[Embodiments] The principle of the motion detection 
circuit used in this invention is described below with 
reference to Fig. 6. Fig. 6 shows the arrangement of 
the scanning lines of four successive fields on time axis 
t and vertical axis V, and indicates a portion 
corresponding to the region B in Fig. 4. In the 
interpolation mode of the interpolation scanning line 
4, the size difference of the frame difference signals 
11 and 12 of the scanning lines 1 and 2 and further the 
frame difference signal 13 of the scanning line 3 at the 
same position of the preceding field are taken into 
consideration. Thus, only in the case where these three 
frame difference signals 11, 12 and 13 are all small, 
the image is determined as a still one, and the signal 
of the interpolation scanning line 4 is interpolated from 
the scanning line 3 of the preceding field. Otherwise, 
the image is determined as a dynamic one, and interpolated 
with the average value of the upper and lower scanning 
7 



lines 1 and 2 of the same field. In the case of the 
interpolation scanning line 4 in the same drawing, the 
frame difference signals 11 and 12 are small, while the 
signal 13 is large, and therefore , the image is determined 
as a dynamic one, so that the interpolation is made by 
the average value of the scanning lines 1 and 2. As a 
result, the image quality deterioration designated by 
numerals 8 and 9 in Fig. 5 is not caused. 
[0010] According to the embodiment shown in Fig. 6, in 
order to obtain the signal of the interpolation scanning 
line of the ith field, the image signals of the ith and 
(i-l)th fields are used. For the still/dynamic image 
detection of the object to switch the interpolation 
processing mode, on the other hand, the signals of the 
(i-l)th, (i-2 ) th and (i-3 ) th fields are used . Asaresult, 
the time lag occurring between the s t i 1 1 /dynami c image 
determination result and the interpolation process may 
be so large that the correct still/dynamic image 
adaptation process may not be executed. 
[0011] In the case where the interpolation process for 
the (i-l)th field is executed using the still/dynamic 
image determination result of the (i-3)th to ith fields, 
the signals of the (i-2)th and (i-l)th fields are used 
for the interpolation process, so that the immediately 
preceding and succeeding signals of the (i-3)th and ith 
fields are used for the motion determination. Therefore, 
the time lag between the motion determination result and 
8 



the interpolation process using the same is so small that 
the substantially correct motion adaptation process can 
be realized. Specifically, in the case where the 
still/dynamic image determination of the signal of the 
interpolation scanning line 20 in the (i-l)th field shown 
in Fig. 7 is made using the difference signal of the 
scanning lines 14 and 17, the difference signal of the 
scanning lines 15 and 19 and the difference signal of 
the scanning lines 16 and 18, then the maximum time 
interval is a two-field period and the time lag between 
the interpolation operation and the still/dynamic image 
determination is small. 

[0012] Fig. 8 shows an example of the circuit 
configuration for calculating the signal of the 
interpolation scanning line 20 by changing the mixed 
ratio of the average value of the scanning lines 14, 17 
and the average value of the scanning lines 15, 16 
according to the motion coefficient k (0 < k < 1) obtained 
from the still/dynamic image determination result. In 
this drawing, the field memories 21, 23 and 24 and the 
line memories 22 and 25 are connected in cascade as shown, 
and therefore, the temporal/spatial relative positions 
of the input/output signals thereof constitute the 
signals of the scanning lines 14 to 19 shown in Fig. 7. 
The signal (20) of the interpolation scanning line 20 
is calculated according to the equation below by the adder 
circuits 26, 28 and 32, the coefficient circuits 27 and 
9 



29 and the multiplier circuits 30 and 31. 
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wherein 0 < k < 1 and the motion coefficient k is assumed 
to approach 1 in the still image portion and 0 in the 
dynamic image portion. The motion detection circuit is 
configured of subtraction circuits 33, 35 and 37, 
absolute value circuits 34, 36 and 38, an adder circuit 
39 and a coefficient conversion circuit 40. The motion 
coefficient k is obtained as an output of a coefficient 
conversion circuit 40 in which k is set to 1 in the case 
where the signal obtained by adding the absolute values 
of the three frame difference signals [(14) - (17)], [(15) 
- (19) ] , [ (16) - (18) ] is small while k approaches 0 with 
the increase in the particular signal. 

[0014] The motion coefficient k can as sume several values 
between 0 and 1. In order to simplify the circuit 
configuration by omitting the multiplier circuits 30 and 
31, however, k may be limited to the two values of 0 and 
1. In this case, the multiplier circuits 30 and 31 can 
be omitted and the adder circuit 32 can be replaced by 
a switch. Also, by producing the logic sum of the 
still/dynamic image determination result for each of the 
absolute value signals (output signals of 34, 36 and 38) 
of the frame difference signals, the adder circuit 39 
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and the coefficient conversion circuit 40 may be replaced 

with each other. 

[0015] 

[Effects of the Invention] As described above, according 
to this invention, the motion information of the 
interlaced image is extracted from the frame difference 
signal of two successive fields, and therefore, the ugly 
image quality deterioration which otherwise might be 
caused by erroneously regarding a dynamic image as a still 
image portion can be avoided, and the scanning line 
interpolation process free of image quality 
deterioration can be realized . Asaresult, aTV receiver 
high in image quality capable of displaying an ordinary 
TV image with a very high image quality can be 
advantageously realized. 
[0016] 

[Brief Description of the Drawings] 

[Fig. 1] A three-dimensional model of a TV image. 
[Fig. 2] A diagram for explaining the conventional motion 
adaptation-type scanning line interpolation process. 
[Fig. 3] An example of the dynamic image. 
[Fig. 4] An example of a quality deteriorated image 
obtained by the conventional scanning line interpolation 
process . 

[Fig. 5] An example of a quality deteriorated image 
obtained by the conventional scanning line interpolation 
process . 
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[Fig. 6] A diagram for explaining the operation of the 
motion determining process according to the invention. 
[Fig. 7] A diagram for explaining the operation of the 
motion determining process according to the invention. 
[Fig. 8] A diagram showing the configuration according 
to an embodiment of the invention. 
[Description of Reference Numerals] 

21, 23, 24. ..Field memory 

22, 25. ..Line memory 

26 , 28 , 32 , 33 , 35 , 37 , 3 9. ..Adder (subtracter) circuit, 
27, 29...Coef f icient circuit 
30, 3 1 ...Mult iplier circuit 

4 0 ...Mot ion coefficient conversion circuit 
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